1. Methods.
1.1. Synthesis of the Fe-N-C catalysts.
The Fe-N-C catalysts were synthesized identically to the catalysts labelled FeNC-wet-1, FeNC-dry-1 and FeNC-dry-0.5 in our previous work.
[ S1] For the FeNC-wet-1 catalyst, the Fe II acetate and 1,10-phenanthroline (phen) precursors were dissolved in sequence in a mixture of ethanol/water solution (1/2 vol. ratio) to form Fe(phen) 3 complex. Then, Zn II zeolitic imidazolate framework (ZnN 4 C 8 H 12 , Basolite Z1200 from BASF, labelled ZIF-8) was added in the solution. The catalyst precursor contained Fe/phen/ZIF-8 with a mass ratio of 1/20/80.
After evaporation of the solvent, the catalyst precursor powder (1 g) was then ball-milled in a ZrO 2 crucible with 100 zirconium oxide balls (5 mm diameter) using a planetary ball-miller (FRITSCH Pulverisette 7 Premium) for 4 cycles of 30 min at 400 rpm. The resulting catalyst precursor was pyrolyzed at 1050 °C in Ar for 1 h. Finally, the powder was acid-washed with a pH 1 H 2 SO 4 solution, yielding FeNC-wet-1 including a significant amount of inorganic Fe particles as well as organometallic FeN x C y moieties. The second and third Fe-N-C catalysts, having low and undetectable amounts of the Fe particles, were prepared by the identical method except for the omission of the wet-impregnation step and of the final acid-washing steps. The dry catalyst precursors (Fe II acetate, phen, and ZIF-8) were directly mixed by a dry ball-milling, and the powder products were then pyrolyzed. In accord with to the dry ballmilling approach and the initial Fe contents in the catalyst precursors before pyrolysis (1 and 0.5 wt %), the catalysts were labeled as FeNC-dry-1 and FeNC-dry-0. is another reaction altogether. The slope dJ/dE at small current density in PRR polarization curves has previously been experimentally observed and correlated to PRR electrokinetics.
[ S3-5] 1.3. Characterizations of Operando Fe demetallation.
A scanning flow cell (SFC) connected to an inductively coupled plasma-mass spectrometer (ICP-MS) was used for investigating Fe demetallation. [S6] The SFC with V- containing 15 μg L -1 Co was used as an internal standard. 100 cycles of CVs were applied at a 100 mV s -1 scan rate in a potential range of 1.0-0.0 V RHE .
Physical characterizations.
X-ray photoelectron spectroscopy (XPS) spectra were recorded with a Sigma Probe (Thermo VG Scientific) equipped with a microfocused monochromator X-ray source. X-ray diffraction (XRD) patterns were collected with a high resolution powder X-ray diffractometer (SmartLab, RIKAKU) equipped with a Cu Kα X-ray source. The XRD measurements were performed at an accelerating voltage of 45 kV and a current of 200 mA with a scan rate of 5° min -1 and a step size of 0.01°. Raman spectra were measured by a LabRAM HR (HORIBA) with 514 nm laser excitation. The 57 Fe Mössbauer spectra of the Fe-N-C catalysts were measured at room temperature with a source of 57 Co in rhodium. The spectrometer was operated with a triangular velocity waveform, and a NaI scintillation detector was used for detecting the γ-rays. Calibration was performed with an -Fe foil. The Fourier transforms of the extended X-ray absorption fine structure (EXAFS) signals were analyzed from Fe K-edge X-ray absorption spectra collected at room temperature at the SAMBA beamline (Synchrotron SOLEIL). The beamline is equipped with a sagittaly focusing Si 220 monochromator and two Pd-coated mirrors that were used to remove X-ray harmonics. The catalysts were pelletized as disks of 10 mm diameter with 1 mm thickness using Teflon powder (1 μm particle size) as a binder. Transmission electron microscopy (TEM) and energy-dispersive X-ray spectroscopy (EDX) analyses were carried out using a JEM-2200FS
(JEOL) at 200 kV. The diluted aqueous solution of Fe-N-C catalysts was deposited on Cu finder grid coated with a Lacey carbon film. Figure S1 . Physical characterizations of the prepared catalysts: (a) XRD patterns and (b) Raman spectra.
Additional Figures and Tables.
In the XRD patterns, all catalysts show two broad peaks at ca. 24° and 44° that correspond to the (002) and (101) isotherms. [S2, 8] FeNC-wet-1, FeNC-dry-1 and FeNC-dry-0.5 have similar surface area of ca 400 (± 40) m 2 g -1 . [S8] However, FePhen@MOF-ArNH 3 has larger surface area of ca. 1200 m Figure S5 . Figure S6 ) and Fe signals would hardly be detected after of each component. [S8] 
